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In the past few years it has become apparent that the ability of mice to respond to a 
wide variety of antigens is determined by antigen-specific, autosomal dominant genes 
(immune response genes, Irl),  which map in the middle of the species' major histo- 
compatibility complex (H-2)  (1,  2). This phenomenon  has been extensively investi- 
gated with multideterminant synthetic branched polypeptides, such  as poly-L(Tyr, 
Glu)-poly-D,L-Ala--poly-L-Lys  [(T,G)-A--L]. When  (T, G)-A--L is  administered  in 
complete Freund's adjuvant, inbred H-2  b strains ("high responders") produce much 
more  anti-(T,G)-A--L antibody  than  H-2  ~ strains  ("tow  responders")  (3).  After 
immunization with antigen in aqueous solution, H-2  b and H-2  ~ mice mount an equal 
primary IgM  response  (4).  However,  after  a  second  injection of  aqueous  antigen, 
only H-2  b mice produce IgG antibody. In contrast, H-2 k mice do not produce IgG 
anti-(T, G)-A--L antibody. These results suggest that the gene controlling the immune 
response to (T,G)-A--L (Jr-I)  also affects the induction of IgG antibody production. 
It has been shown that the [r-1 gene is expressed in immunocompetent cells, because 
the  ability to  respond to  (T,G)-A--L can be transferred with  high responder fetal 
liver and spleen cells into irradiated low responder recipients (5, 6). When (T, G)-A--L 
is  complexed  with  a  foreign,  immunologically  recognizable,  carrier  protein,  e.g. 
methylated bovine  serum  albumin,  and  mice  are  immunized  with  that  complex, 
H-2  b and  H-2  ~ mice  produce  the  same  amount  of  anti-(T,G)-A--L antibody  (7), 
indicating that in low responder strains, antibody-forming cells exist that are capable 
of synthesizing anti-(T, G)-A--L antibodies. From these results and the finding that 
the secondary response to (T,G)-A--L is entirely thymus dependent (8), it is reason- 
able to postulate that the Ir-1  gene controls antigen recognition at the level of the 
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thymus-derived cell.  Nothing is known yet about the molecular nature of  the Ir-1 
gene product, but it seems likely that it is some type of specific antigen recognition 
structure on the surface of T cells. 
Autoradiography has been shown to be a valid and reproducible method for studies 
concerning the interaction of antigen with lymphoid cells (9-12). With the exception 
of thymocytes (13),  most antigen-binding  cells  (ABC) detected by autoradiography 
seem to be B  cells,  but there is as yet no clear-cut proof. Although there is ample 
evidence that T  cells form antigen-specific rosettes (14-16) there is only one report 
on T cells that bind radiolabeled antigen (17). 
In  the  current  study  we  report  the  effect  of  immunization with  (T,G)- 
A--L on the frequency of ABC in high and low responder mice.  The results 
obtained  by  autoradiographic  techniques  show  that  among  nonimmunized 
mice, both  strains have  approximately the  same number of ABC.  However, 
after stimulation with antigen, ABC in high responder mice proliferated to a 
much greater extent than did ABC in low responders. Inhibition studies with 
class-specific  anti-immunoglobulin sera  demonstrated  a  shift  from  specific 
IgM-bearing cell populations in nonimmunized mice to  cell populations with 
IgG1 and IgG2a receptors in immunized animals of both high and low responder 
strains. Furthermore, evidence will be given showing that the large majority 
of ABC detected in peripheral lymphocyte populations are B cells. 
Materials and Methods 
Mice.--Young adult mice of both sexes were used: C3H/HeJ ([1-2  klk) were obtained from 
the  Jackson Laboratory,  Bar Harbor,  Maine; C3H/DiSn (H-2 k/k)  from our own breeder 
colony at Stanford; and CWB/13 (tl-2 b/b) from the colony of Dr. L. A. tterzenberg, Depart- 
ment of Genetics, Stanford  University  School of Medicine. C3H/DiSn and CWB/13  are 
congenic and differ only at the H-2, Ir-1, and Ig allotype loci. C3H mice are (T, G)-A--L low 
responders and CWB mice are (T, G)-A--L high responders. 
Antigens, Immunization  Procedures, and Antibody  Determinations.--(T,G)-A--L  52  (mol 
wt 180,000) and  (T,G)-A--L  509  (tool wt 232,000) were kindly provided by Dr.  M.  Sela, 
Department of  Chemical Immunology,  Weizmann Institute of  Science, Rehovot,  Israel. 
These two antigens are completely cross-reactive. 125I-labeled (T,G)-A--L 52 and 509 were 
prepared by the chloramine-T method  (18). The specific activities varied between 7 and 11 
#Ci/#g. Two different procedures for immunization were followed, which are described in 
detail elsewhere (3, 4). In brief, the animals received 10 #g of (T,G)-A--L 509 in complete 
Freund's adjuvant (CFA) into the hind footpads and were boosted after  21 days with an 
injection of 10 #g of antigen in phosphate-buffered saline  (PBS) into the  same footpads. 
This method will be referred to as "immunization with CFA." For the second immunization 
procedure i0 #g of (T, G)-A--L 52 in PBS was injected into the hind footpads. The animals 
were boosted after 7 days with 10 #g of antigen in PBS ("immunization  in saline"), again in 
the same footpads. Antibodies (total and 2-mercaptoethanol resistant) were determined in a 
modified Farr assay as described previously (4). 
Preparation of Cells.--Single-cell suspensions were made by teasing organs gently through 
stainless steel screens in Eagle's minimal essential medium (MEM)3 The cells were passed 
2MEM:  Grand Island Biological Co., Grand Island, N. ¥. Instant tissue culture medium 
powder without NaHCO3 was made up with Na2HPO4.12H20  (0.001 M)  and MgC12.6H20 
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through glass wool and washed twice by centrifugafion through 1 ml of 100% fetal calf serum 
(FCS) .3 
Autoradiography and Detection of Antigen-Binding Cells.--5-10  X  l0  s lymphoid cells were 
suspended in 0.25-0.5  ml of MEM that contained 10% fetal calf serum, and 5 ~1 of sodium 
azide (1.5 M) and  125I-labeled (T,G)-A--L (0.25-0.50  ~g in 30 ~1) were added. The mixture 
was kept for 15 min in an ice bath. Excess radioactive antigen was removed by passing the 
incubation mixtures at  1,100 rpm through discontinuous gradients of FCS and ME)/[ four 
times. Two gradients consisted of 0.5 ml each of 100, 70, and 40% FCS in MEM, the two other 
gradients of 0.5 ml each of 100 and 50% FCS. The final cell pellets were resuspended in 10 #1 
of 100%  FCS and smeared thinly on gelatin-coated slides, fixed for 30 min in 90% methanol, 
and washed for 30 min in deionized water. Slides were dipped into Kodak NTB  2 emulsion 
(Eastman Kodak Co., Rochester, N. Y.), held at 43°C,  dried in a  vertical position for 2 h, 
exposed in light-free boxes at 4°C for 4 days, and developed in Kodak D-19 developer. The 
cells were then stained with Wright-Giem~ stain. 
Between  10,000 and  50,000  cells  were  examined with a  )<100  oil  immersion objective 
(=  X 1,000 magnification). Background grains varied between 0.1 and 2 grains/cell, depending 
on the origin of the cells: spleen cells from boosted animals had the highest background. Be- 
cause the background grains were not evenly distributed over the slide, we arbitrarily defined 
only morphologically intact cells with more than 9 grains over or closely adjacent to the cell 
surface as ABC,  thus assuring that artifacts were not scored. The standard counting error 
was always determined to be less than +20% by examining the ceils in groups of 5,000-10,000 
on different areas of the slide.  All  slides  were examined in  batches without knowing their 
origin. 
Correlation of Grain Counts and Molecules of Antigen Bound.--ABC were classified accord- 
ing to  the number of grains over the cells.  Under the conditions used,  10 grains represent 
approximately 500-800  molecules of [12~I]  (T, G)-A--L (19) bound to a cell. 
Inhibition of Antigen Binding.--For  inhibition of [leaI](T, G)-A--L binding, the cells were 
first incubated for 15 rain with antisera at 4°C. Radioactive antigen was next added to the 
reaction mixture without performing an intermediate washing step. For blocking with rabbit 
antimouse immunoglobulin, the sara were used in a  concentration that yielded the highest 
percentage of stained cells in an indirect fluorescence  test. 
Isolation of Peripheral T Cdls.--Peripheral T  cells were isolated according to Basten et ai. 
(20).  In short: 5-15  ;<  107  lymph node cells were incubated with a  1:5 dilution of decom- 
plemented rabbit anti-HGG serum  4 ([HGG] human gamma globulin, Cohn fraction II)  and 
passed through a column of polymethylmetacrylic  plastic beads that were coated with HGG 5 
as described by Wigzell and Andersson (21). B cells, which are able to bind to the Fc portion 
of the rabbit anti-HGG, were retained by the column, whereas T cells passed through. 
Antisera.--Ctass-specific  antimouse Ig  sara  were prepared  by  immunizing rabbits with 
purified myeloma proteins. The gamma globulin fraction of the anti-Ig sara was purified with 
immunoabsorbents. The details of preparation and properties of these anti-Ig sara are de- 
scribed elsewhere (22).  Specific  anti-H-2  sara were produced using congenic pairs of mice. 
Anti-H-2  b serum was raised in C3H/DiSn (H-2  k, It-1 ~) mice and anti-H-2  k serum was raised 
in CSW  (H-2  b, It-1 °) mice. Both sara had a hemagglutination titer of about 1:1,250.  Con- 
genie AKR anti-0 C3H serum was a gift from Dr. U. Hfimmerling, Sloan-Kettering Institute 
for Cancer Research, New York. 
RESULTS 
Effect of Immunization  on the Frequency of ABC.--In  this study we investi- 
gated  the  influence  of  immunization  with  (T,G)-A--L  on  the  frequency  of 
3 FCS:  Grand Island Biological  Co. 
4 Rabbit anti-Cohn II: Antibodies Incorporated, Davis, Calif. 
5 HGG:  Cohn fraction II, Pentex Biochemical, Kankakee, Ill. G.  J.  I-I~[MMERLING,  T.  MASUDA,  AND  H.  O.  McDEVITT  1183 
antigen-binding cells in (T, G)-A--L high responder (CWB) and low responder 
(C3H)  mice.  The  results  obtained  by  autoradiography  are  summarized  in 
Table I. Nonimmunized CWB and C3H mice have about the same number of 
ABC in their lymphoid organs, approximately 10 ABC/104 cells in spleen and 
lymph nodes, and 2-4 ABC/I@ in the thymus. The distribution of grains over 
the ABC is also very similar for both strains. The majority of ABC's have 10-50 
TABLE  I 
Influence  of Immunization  on  Frequency  of ABC*  in  CWB  and  C3H  Mice 
CWB 
Spleen 
Lymph 
node 
Thymus 
C3H 
Spleen 
Lymph 
node 
Thymus 
Nonimmunized 
Primed:~ 
Boosted§ 
Nonimmunized 
Primed 
Boosted 
Nonimmunized 
Primed 
Boosted 
Nonimmunized 
Primed 
Boosted 
Nonimmunized 
Primed 
Boosted 
Nonimmunized 
Primed 
Boosted 
10-20 
3.6  (3-4.2) 
15  (6-22) 
51  (25-79) 
1.6  (0.8-2) 
6.2 
11  (7.1-14) 
1.5  (0.7-2.4) 
1.3 
2.8 
3 
15  (12-19) 
12  (7-17) 
1.9  (I-2.8) 
6.2 
3.5 
1.1  (0.7-1.5) 
1.5 
2.5 
21-50 
6.0(6-6) 
18  (12-26) 
30  (1938) 
4.4  (2.4-6) 
9.0 
8.5  (6.5-11) 
1.9  (0.7  3.1) 
0 
1.7 
6 
16.3  (14  18) 
17.5  (9-26) 
4.8  (4.6-5) 
8.3 
3.1 
0.3  (0-0.5) 
0 
0.6 
ABC/104 
Grains/ABC[[ 
__51-100  101  300 
2.2 (1.4-3)  L  0 
9  (3-20)  I  1  (0-3~ 
17  (12-23)  5  (3-9~ 
1.6  (0.8-2) 
6.2 
4.3  (2-7.1) 
0 
0 
0,9 
1 
5.3  (1-13) 
7.5 (6-9) 
1.5  (0-3) 
2.8 
1.5 
0.4  (0-0,7) 
0 
0 
>300 
0 
0 
1  (0,3) 
0.7  (0-2;  o 
0.7  0 
3.4  (0-7~  1  (0-2.6) 
0  0 
0  0 
0  0 
0  0 
1.7  (0-5)  0 
0.5  (0-1)  0.8  (1.6-0) 
1  (0.9-  o 
0.7  0 
0.5  1.0 
0  0 
0  0 
0  0 
Total 
11.8 (11.6-12) 
43  (35-54) 
104  (79-138) 
8.3  (4-12.1) 
22.1 
28.2  (24.5-34) 
4.3  (1.4-5.6) 
1.3 
5.4 
10 
38.3  (27-55) 
38.3  (23.6-54) 
9.2  (8.3-10) 
18.0 
8.6 
1.8  (1.4-2.0) 
1.5 
3.1 
* Mean number of ABC from one to three different experiments.  Pooled  cells from two to three mice were used for 
one experiment. The ranges of the values ebtained  in different experiments are given in parentheses. 
:~ The mice were primed with I0 #g of (T,G)-A--L 509 in CFA and sacrificed after 21 days. 
§ Primed mice were boosted with 10 #g of (T,G)-A--L 509 in saline on day 21 and sacrificed on day 31. 
II Exposure  time of the autoradiographs  was 4  days. Under  these conditions  10 grains represent  approximately 500 
molecules of  (T,G)-A--L. 
grains,  which  represent  approximately  500-2,500  molecules  of  (T,G)-A--L 
bound to the cell surface. A few cells have bound as many as 2,500-5,000 mole- 
cules of (T, G)-A--L (50-100 grains). 
Primary immunization  of  the  animals  with  (T,G)-A--L 509  in  CFA  (see 
Materials and Methods) has the same effect on the frequency of ABC in CWB 
and  C3H mice. In both strains the ABC in the spleen are increased three to 
fivefold, and in the lymph  nodes  two  to  threefold.  The main  difference be- 
tween high and low responder mice is seen in boosted animals. Whereas CWB 
mice display a marked increase of ABC in spleen and lymph nodes,  ABC  in 1184  ANTIGEN-BINDING  CELLS IN HIGH/LOW  RESPONDER  MICE 
C3H  mice  are  decreased  or  stay at  the  same  level.  Primary and  secondary 
challenge with antigen results in the appearance of heavily labeled cells with 
more than 100 grains and some with more than 300 grains [=  15,000  molecules 
of (T, G)-A--L per cell]. Whether these findings represent a  change in the avid- 
ity of  the antigen-binding  receptor,  or a  selection of cells  with  higher recep- 
tor density, or both, is not clear. 
Immunization does not seem to significantly influence the frequency of ABC 
in the thymus (see Table I  and Fig. 1). The small variations can be explained 
by the inaccuracy of the method  and  the different ages of the animals used. 
Usually, young mice have more thymic ABC than older animals (reference 13 
and  own  unpublished  observation).  The  change  in  the  frequency  of  ABC 
in the lymphoid organs from CWB and C3H mice is also shown in Fig.  1. 
The binding  of radiolabeled  (T, G)-A--L to lymphoid cells from CWB  and 
C3H mice is highly specific. Table II shows that preincubation  of cells with 
0.3/zg of unlabeled  (T,G)-A--L inhibits 40-50%  of the ABC  [0.3/~g  of [125I]- 
(T,G)-A--L were used in the reaction mixture]. A  16-fold excess of unlabeled 
(T,G)-A--L inhibits  most ABC.  In  contrast to  the  previous experiment (see 
Table  I),  popliteal  nodes  as  well  as  axial,  mesenteric,  and  inguinal  nodes 
were used.  Comparison of Tables I  and II demonstrates a more than twofold 
increase of ABC  in lymph nodes from primed mice when cells from popliteal 
nodes were included when preparing the cell  suspensions.  This indicates that 
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FIG. I. Frequency of ABC in spleen cells from CWB high responder (--0--) and C3H 
low responder (--©--) mice after primary immunization with  10 #g of (T,G)-A--L 509 in 
CFA (day zero) and after secondary challenge  with 10 #g of (T, G)-A--L  509 in saline (day 21). G. J. ttJ~MERLZNG,  T.  MASUDA,  AND  t~.  O.  MCDEVITT  1185 
the majority of ABC will be found in the draining nodes that are close to the 
site of injection of the antigen. 
Identification  of the  Cell Type  Forming ABC.--It  was  uncertain  whether 
(T, G)-A-L-binding cells represent thymus-derived (T) cells or bone marrow- 
derived  (B)  cells.  This  question was  investigated  in  several  independent  ex- 
periments.  First,  the effect  of congenic anti-0 serum  and complement  on the 
frequency of ABC was  examined.  Table III  shows the results obtained from 
anti-0-  and  C~-treated  spleen  and  lymph  node  cells  from  mice  primed  with 
(T,G)-A--L  in  CFA.  It  is  seen  that  elimination  of  the 0-positive  portion  of 
the cell population results in an increase of ABC in the remaining cell popula- 
tion.  In  most  cases  this  increase  approximately  equals  the  increase  of  ABC 
one would expect theoretically after treatment with anti-0 and C t, if all ABC 
TABLE  II 
Inhibition  of  [ 125i] (T, G)-A--L Binding  to Lymph Node Cdls by Nonradioactive (T, G) -A--L 
CWB  C3H 
(T ,G)-A--L 
ABC/10 4  Inhibition  ABC/10 4  Inhibition 
vg  %  % 
-  57  -  43  - 
0.3  27  53  27  37 
0.6  18  68  16  63 
1.2  14  75  10  77 
4.8  3  95  4  90 
Lymph  node cells from mice primed with  (T, G)-A--L  in CFA  were preincubated with  cold 
(T, G)-A--L  for 45  min. Then 0.3  #g  of radiolabeled  (T, G)-A--L  was  added  to  the  mixture. 
TABLE  III 
Influence  of  Treatment  with Anti-O and  C  ~ on  the  Frequency  of ABC 
Exp.* 
ABC/104 
Cells  Grains/ABC  Observed  Theoret- 
ical  Cells  Treatment~  killed by  increase  increase§ 
anti-#  10-20  21-50  50-100  Total 
A 
%  %  % 
CWB  nAKR +  C'  19  12  4  35  - 
CWB  Anti-O +  C'  30  20  23  2  45  29  43 
C3H  nAKR +  C'  12  18  2  32  - 
C3H  Anti-0 +  C'  28  23  12  8  43  34  39 
CWB  nAKR +  C'  38  21  6  65  -  - 
CWB  Anti-# +  C'  49  74  42  6  122  88  96 
C3H  nAKR +  C'  35  15  2  52  -  - 
C3H  Anti-O+  C'  50  76  28  2  116  122  i00 
* For exp. A, spleen cells from mice primed with  (T,G)-A--L 509 in CFA were used; for exp. B, lymph node 
cells from mice primed with (T, G)-A--L 509 in CFA (the popliteal nodes were included). 
~t Control cells were treated with normal AKR (nAKR) serum +  C'. 
§ Theoretical increase of ABC after AKR anti-0 C3H +  C', if all ABC are B  +  ceils 
100  X  %  cells killed by anti-0 
M 
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are  B  cells.  The  minor  discrepancies between  experimental  and  theoretical 
values may indicate the presence of  some  antigen-binding T  cells; however, 
this result fits within experimental error.  These results strongly indicate that 
most or all ABC detected with our methods are B  cells. 
In another set of experiments purified peripheral T  cells were investigated. 
Basten  and co-workers recently described a  simple method for  separation of 
B  and T  cells (20). By means of their receptor for the Fc portion of antibody, 
B  cells  are  able to  bind antibody (in our  case  rabbit [R]  anti-HGG). These 
cells will be retained in a column of plastic beads that are coated with antigen 
(HGG), whereas T  cells pass through. The purity of the T  cells, obtained by 
this method, was always 90-95%  as judged by treatment with anti-0 and C r, 
and the yield was about 50%. Control cells,, whic  h were incubated  with normal 
rabbit serum (NRS) and then passed through the column, were not depleted of 
B  cells.  Table IV  shows  the  frequency of ABC  in total  and B  cell-depleted 
lymph node cell populations from primed animals. It is seen that treatment of 
the  cells with NRS  and passing  the  cells  through  columns does  not change 
the number of ABC, when compared with untreated cells (exp. A). In contrast, 
B  cell-depleted populations (R anti-HGG treated) in most experiments show a 
decrease of more than 90% in the frequency of ABC, indicating that the vast 
majority of ABC are B  cells. We do not yet know whether the remaining few 
TABLE  IV 
[12a[](T,G)-A--L Binding  to Peripheral T Cdls 
Exp.*  Strain  Treatment of cells:~  Resulting  cell  Grains/ABC  Decrease 
population  10-20  21-50 51-100  >100  Total  of ABC 
A 
% 
CWB  -§  Total  18  17  8  2  45  - 
CWB  NRS  Total  22  19  2  2  45  0 
CWB  R anti-HGG  T cells  2  1  0  0  3  93 
C3H  -§  Total  22  17  3  0  42  - 
C3H  NRS  Total  22  10  8  0  40  5 
C3H  R anti-HGG  T cells  0  1  0  0  1  97 
CWB  NRS  Total  12  20  5  0  37  - 
CWB  R anti-HGG  T cells  2  1  0  0  3  92 
CWB  NRS  Total  9  10  5  0  24  - 
CWB  R anti-HGG  T cells  1  1  0  0  2  92 
C3H  NRS  Total  5  3  2  0  10  - 
C3H  R anti-HGG  T cells  2  0  0  0  2  80 
* For exp. A and B, lymph node cells from mice primed with (T,G)-A--L 509 in CFA 
were used. The popliteal nodes were included. For exp. C, cells from mice primed with aqueous 
(T,G)-A--L 52 were used. 
:~ Treatment of cells before passing through HGG-coated columns. 
§ These cells were not passed through the columns. G. J. H~MMERLING, T. MASUDA, AND H.  O. McDEVITT  1187 
ABC are T  cells,  or B cells contaminating the T  cell fraction, which consists of 
90-95 % of T  cells,  as noted above. This question is presently under investiga- 
tion. 
Inhibition of ABC with Class-Specific Antisera.--A further aim of this study 
was  to investigate  the  nature  of the  antigen-binding  receptor,  to  determine 
whether there is a  change in  the immunoglobulin class of this receptor after 
immunization,  and,  if so,  whether high  and  low responder mice display the 
same  change.  For this purpose,  we attempted  to inhibit  antigen binding  to 
spleen  cells  by preincubation  of the  cells with  polyvalent and  heavy chain 
class-specific rabbit antimouse immunoglobulin sera. The results are shown in 
Tables V  and VI3 In all experiments polyvalent rabbit antimouse Ig inhibits 
most or all of the ABC. This is in agreement with the findings of others that 
the binding of antigen to lymphoid cells can be blocked by anti-Ig (11,  23). 
50-60%  of ABC  from nonimmunized mice,  both  high  and  low  responders, 
could be blocked by anti-IgM,  but not significantly by  anti-IgG class  sera. 
This  pattern  changed  when ABC  were  examined  after primary (in  CFA) 
and  secondary  immunization.  Anti-IgG1  and  anti-IgG2a  antisera  were  as 
effective as anti-IgM  for inhibition of ABC from primed animals.  The same 
results were found after secondary immunization (see Tables V and VI). These 
findings indicate that immunization results in  the formation of specific IgG- 
bearing cell populations in both CWB  and C3H strains.  The main difference 
lies again only in the number of ABC after second challenge with antigen. Fig. 
2  shows  the  anti-(T,G)-A--L titer of the  animals used for determination of 
ABC.  CWB  and  C3H  mice  immunized  with  (T,G)-A--L  in  CFA  produce 
mainly 7S antibody, but in different amounts. This is in agreement with our 
findings that ABC in immunized animals have predominantly IgG receptors. 
Further  comparison of the  anti-(T,G)-A--L  titers  and  the  number  of ABC 
shows that, although in primed CWB and C3H mice the frequency of ABC is 
identical, C3H mice are not able to produce the same amount of anti-(T,G)- 
A--L antibody as  CWB  do. Apparently, in  C3H  mice  the  antibody-forming 
precursor cells,  which  are  presumably detected  as  ABC,  are  able  to  differ- 
entiate into functional antibody-secreting cells to only a minor extent. 
Inhibition of ABC with Anti-Immunoglobin  after Immunization with (T,G)- 
A--L  in  Saline.--Immunization  with  (T,G)-A--L  in  CFA  does  not  show  a 
clear-cut difference between high and low responder mice with respect to the 
class of the produced antibody. In contrast, by immunization with (T, G)-A--L 
in aqueous solution, it can be demonstrated that the difference between (T, G)- 
A--L high and low responder mice is manifested in the class of antibody in the 
6 A  control with  normal  rabbit  serum  (NRS)  was not systematically included,  because 
control  experiments showed that NRS  did  not interfere with antigen binding, and  because 
differential inhibition seen in normal, primed, and immunized mice with class-specific anti-Ig 
sera demonstrated that  these reagents were not contaminated by nonspecific blocking anti- 
body. 1188  ANTIGEN-BINDING CELLS IN  HIGH/LOW  RESPONDER MICE 
TABLE  V 
Inhibition  by  Anti-Immunoglobulin  of[125I](T,G)-A--L  Binding  to Spleen Cells from 
Nonimmune,  Primed, and Boosted CWB (High Responder) Mice 
ABC/10 4 
Antiserum  Grains/ABC  Inhibition 
10-20  21-50  51-100  >100  Total 
Nonimmunized 
% 
3  6  3  0  12  - 
Polyvalent  2  1  0  0  3  75 
Anti-IgM  3  1  1  0  5  58 
Anti-IgG1  2  6  i  1  10  16 
Anti-IgG2a  5  8  1  0  14  -- 16 
Primed*  -  25  19  3  0  47 
Polyvalent  0  0  0  0  0  100 
Anti-IgM  14  12  1  0  27  42 
Anti-IgG1  21  11  0  0  32  32 
Anti-IgG2a  18  11  0  0  29  38 
Boosted$  -  46  32  12  3  93  - 
Polyvalent  2  1  0  0  3  96 
Anti-IgM  37  18  4  3  62  33 
Anti-IgG1  24  19  7  2  52  44 
Anti-IgG2a  29  22  5  1  57  39 
* Mice were primed with i0/~g of (T, G)-A--L 509 in CFA and sacrificed after 21 days. 
$ Primed mice were boosted with 10 #g of (T, G)-A--L 509 in saline on day 21 and sacri- 
ficed on day 31. 
secondary response.  CWB  and C3H  mice produce equal amounts of 19S  anti- 
body after a  primary injection with  (T, G)-A--L in saline, but after secondary 
immunization only CWB  mice develop a  7S  secondary response  (4)  (see Fig. 
3 b). It was not known whether low responder (C3H)  mice produce cells with 
antigen-specific  IgG  receptors  after  primary  and  secondary  challenge  with 
aqueous  (T, G)-A--L, although  they  are  unable  to  mount  a  7S  antibody re- 
sponse. To investigate this question, we examined ABC from mice immunized 
with  low doses of  (T,G)-A--L 52  in  saline in  the hind footpads. 5  days after 
primary challenge,  and 5  and  10  days after secondary challenge,  the animals 
were sacrificed for antigen-binding experiments. Because immunization in foot- 
pads without adjuvant results in a  relatively weak immune reaction, only cells 
from  draining popliteal and inguinal lymph  nodes were used for  detection of 
ABC. 
The results of these experiments are summarized in Table VII. In this table 
we  do  not  report  the  grain  distributions,  which  were  very  similar  to  those 
shown in Tables I-VI. As in the previous experiments, in unimmunized CWB 
and  C3H  mice  the  vast majority of  antigen-binding receptors  seem  to  be  of 
the IgM class. The same results were obtained when  primed animals were in- G. J. I-L~/2~IMERLING, T. MASUDA,  AND H. O. McDEVITT  1189 
TABLE VI 
Inhibition by A nti-Immunoglobulln of [t251]  (T, G)-A--L Binding to Spleen Cells  from 
Nonimmune, Primed, and Boosted C3H (Low Responder) Mice 
ABC/104 
Antiserum  Grains/ABC  Inhibition 
10-20  21-50  51-100  >100  Total 
Nonimmunized 
% 
-  4  6  1  0  11  - 
Polyvalent  1  0  0  0  1  91 
Anfi-IgM  3  2  0  0  5  55 
Anfi-IgG1  4  6  1  0  11  0 
Anfi-IgG2a  6  7  2  0  15  --36 
Primed*  -  23  20  3  0  46  - 
Polyvalent  0  0  0  0  0  100 
Anti-IgM  15  17  1  0  33  28 
Anti-IgG1  17  14  1  0  32  30 
Anti-IgG2a  19  20  0  0  39  15 
Boosted~  -  17  28  9  0  54  - 
Polyvalent  3  1  0  0  4  92 
Anti-IgM  12  16  3  1  42  22 
Anti-IgGl  19  15  4  1  39  28 
Anti-IgG2a  10  19  7  1  37  31 
* Mice were primed with t0 #g of (T, G)-A--L  509 in CFA and sacrificed after 21 days. 
:~ Primed mice were boosted with I0 #g of (T, G)-A--L  509 in saline on day 21 and sacri- 
riced on day 31. 
vestigated: the majority of ABC were found to be of the IgM type and only a 
few of the IgG type, which is in agreement with the absence of 7S antibody 
in primed mice (see Fig. 3 b). This is in contrast to mice primed with antigen 
in  CFA, which develop mostly ABC with IgG receptors and produce almost 
exclusively 7S antibody. 5 days after secondary challenge, however, most ABC 
in both strains immunized with  antigen in saline  could be inhibited  by anti- 
IgG antibody, although C3H mice do not produce 7S antibody after a secondary 
injection  of antigen.  Although 40%  of the ABC from CWB  mice were  still 
of the IgM type, none of the ABC from the low responder (C3H) mice could 
be inhibited with anti-IgM. 10 days after secondary challenge in both strains, 
most ABC were of the IgG type, and no cells with specific IgM receptors were 
detected. Again, the main difference between C3H and CWB mice seems to be 
the relatively poor proliferation of ABC in C3H after immunization (see  Fig. 
3 a). 
Because of the importance of the observation that low responder mice switch 
from IgM precursor cells to specific IgG precursor cells that apparently cannot 
further differentiate into IgG-producing cells,  the validity of the enumeration 
of ABC in the inhibition studies was verified by examining the autoradiographs 1190  ANTIGEN-BINDING  CELLS  IN HIGH/LOW RESPONDER MICE 
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FIG. 2.  Total (--) and MeR  (  .....  ) antibody response of CWB high responder (--[]--) 
and C3H low responder (-©--) mice to primary challenge with 10 #g of (T,G)-A--L 509 in 
CFA (day zero) and secondary challenge with 10 #g of (T,G)-A--L 509 in saline  (day 21). 
The same mice were used for detection of ABC  (see Fig. 1). Each point represents a pool of 
two to three mice. 
several times without knowing their origin. The standard counting error thus 
determined and  the statistical significance of the observed inhibition by anti- 
Ig are noted in Table VII. 
Influence  of Anti-H-2  Sera  on  [125I](T,G)-A--L  Binding  to  Lymphocyles.-- 
The  genetic  control  of  the  immune  response  to  (T,G)-A--L is linked  to  the 
major  histocompatibility  (H-2)  complex.  H-2  b mice  are  high  responders  to 
(T, G)-A--L, and H-2  k mice are low responders. The significance of this genetic G. J. ItAMMERLING, T. MASUDA~ AND It. O. MCDEVITT  1191 
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FIG. 3.  (a) Frequency of ABC in lymph node cells from CWB  high  responder  (--[:3---) 
and C3H low responder  (--O--) mice after primary challenge with 10/zg of (T, G)-A--L 52 in 
saline (day zero) and after secondary challenge with 10 #g of (T, G)-A--L 52 in saline (day 7). 
Each point represents  a pool of inguinal  and popllteal lymph nodes from four to five mice. 
(b) Total (--) and MeR (  .....  ) antibody response of CWB high responder  (--El--) and C3H 
low responder  (--O--) mice to primary challenge with 10 #g of (T,G)-A--L 52 in saline (day 
zero) and secondary  challenge with 10 #g of (T, G)-A-L 52 in saline (day 7). The same mice 
were used for detection of ABC  (see Fig. 3 a). Each point represents  a plasma pool of four to 
five mice. 
relationship is still unknown.  It is possible that the linkage of immune response 
genes  with  the  H-2  locus  is  expressed  as  a  steric  association  of  the  Ir-gene 
product,  which  might  function  as  a  receptor  for  antigen,  and  histocompati- 
bility antigens  on the lymphocyte surface. With  this in mind,  we investigated 
the influence of anti-H-2 sera on the binding of (T, G)-A--L to lymphocytes in 
C3H(H-2  k) and  CWB(H-2  b) mice. Some typical examples of these experiments 
are presented  in Table VIII. It is seen  that  specific anti-H-2  sera do  not  sig- 
nificantly block antigen binding,  suggesting that H-2 determinants  and surface 
immunoglobulins  are not in close spatial relationship on the cell surface. These 
findings  are in agreement with  the  observations  of Karnovsky et al.  (24)  that 
indicate separate localization of H-2 antigens and immunoglobulins on lymphoid 
cells.  In  contrast,  preliminary  experiments  performed in  this  laboratory  indi- 
cate that specific anti-H-2 sera interfere with the binding of antigen to thymo- 
cytes  (G.  J.  H~mmerling  et  al.,  unpublished  data).  However,  these  findings 
must be interpreted  with  extreme caution,  because antigen  binding  to thymo- 
cytes also can be inhibited  by congenic  anti-0  and  a  heterologous  rabbit  anti- 
mouse thymocytic serum (G. J. H~mmerling et al., unpublished  observations). 1192  ANTIGEN-BINDING CELLS IN  HIGH/LOW  RESPONDER  MICE 
TABLE  VII 
Inhibition  by Anti-b~munoglobulin  of [125](T,G)-A-L Binding  to Lyn~ph Node  Cdls* from 
CWB and  C3H Mice Immunized  ~vith (T,G)-A-L in Saline 
Immunization  Inhibitor 
CWB  C3H 
ABC/104 4-  Inhibi-  P  (t test)  ABC/104 4-  hhibi- 
SE§  tion  SE  tion  P  (t test) 
Nonimmunized 
%  % 
-  9,5  4-  0.7  -  I0.0  4-  0.7  - 
Polyvalent  1.0 4-  0.7  90  0.01  0.0 4- 0  100  0.005 
Anti-IgM  3.1  4-  1.4  67  0.05  3.8 4-  1.4  62  0.05 
Anti-IgG1  10.4 4-  1.4  --9  0.7  9.1  4- 2.1  9  0.7 
Anti-IgG2a  9.8 4- 0.7  --3  0.7  11.0 4- 2.1  --10  0.7 
5 days after prim-  -  35.3  4- 3.5  -  11.3 4-  1.2  -  - 
ing  Anti-IgM  11.5 4-  0.7  66  0.005-0.001  4.3 4-  2.3  68  0.005-0.001 
Anti-IgG1  23.5 4- 0.7  31  0.02-0.01  10.6 4-  1.6  7  0,7 
Anti-IgG2a  32.3 4-  1.4  9  0.2-0.1  10.3 4-  1.2  10  0,3 
5 days after boost 
10 days after boost 
45.5 4- 3.5  -  25.0 4-  1.4  -  - 
Anti-IgM  26.0 4-  1.4  42  0.025  24.5 4-  2.1  2  0.8 
Anti-IgG1  31.5  4- 4.9  31  0.10  14.5 4-  2.1  42  0.02 
Anti-IgG2a  27.0 4-  1.4  41  0.025  20.5 4- 4.9  18  0.10 
35.0 4-  1.4  -  -  11.5 4-  0.7  -  - 
Anti-IgM  36.5  -t-  2.1  --4  0.6  13.0 4-  1.4  --13  0.5 
Anti-IgG1  30.5  4-  2.1  13  0.2  6.5  4-  0.7  44  0.02-0.01 
Anti-IgG2a  18.0 4-  1.2  49  0.005  7.3 4- 0.9  36  0.01-0.005 
* Cells from inguinal and popliteal lymph nodes from four to five mice were pooled for one experiment. 
The animals received 10/~g of  (T,G)-A--L in saline  into the hind  footpads on days 0 and 7. ABC  were de- 
termined on days 0, 5, 12, and 17. 
§ The standard counting error (SE)  was determined by scoring 10,000 ceils on an autoradiograph two to five 
times. 
DISCUSSION 
The  present  study  describes  the  interaction  of radiolabeled  antigen  with 
lymphoid cells from (H-2-1inked)  genetic high  and low responder mice. The 
following main observations were made: 
Most or all ABC binding more than approximately 500 molecules of antigen 
per cell appear to be bone marrow-derived B  cells.  No difference in  the fre- 
quency of ABC in the lymphoid tissue of unimmunized high and low responder 
mice was found. This result is in concurrence with the recent findings of others 
who investigated  the frequency of ABC  in  nonimmunized high  and  low re- 
sponder mice (25)  and guinea pigs (26). Because ABC represent specific pre- 
cursor B cells,  these observations can be regarded as further evidence that the 
Ir-1 gene defect is not expressed in low responder B cells, but in T cells. 
Immunization with (T, G)-A--L in CFA evokes a similar increase of ABC in 
both strains, in contrast to the finding that high responder mice develop some- 
what more anti-(T,G)-A--L antibody. Apparently the injection of antigen in 
CFA stimulates high and low responder precursor cells to an equal degree of 
proliferation, but in low responders the transition from precursor cell to anti- G. J. ~I)AMMERLING, T. MASUDA, AND H. O. MCDEVII~  1193 
TABLE VIII 
Influence of Ana-tt-2 Sera on Antigen Binding to Lymphoid Cells 
Exp.  Strain  Antiserum  ABC/10  4  Inhibition 
A 
% 
CWB (~-~)  -  52  - 
CWB  Anti-H-2  k  54  --  4 
CWB  Anti-H-2  h  51  2 
C3H(H-2  k)  -  45  - 
C3H  Anti-H-2  b  47  --4 
C3H  Anti-H-2  k  41  9 
B  CWB  -  35  - 
CWB  Anti-H-2  b  38  --  9 
C3H  -  32  - 
C3H  Anti-H-2  k  26  19 
C  CWB  -  93  - 
CWB  Anti-H-2  b  83  11 
C3H  -  53  - 
C3H  Anti-H-2  b  50  6 
For exp. A, lymph node cells (popliteal nodes included) from mice immunized with (T,G)- 
A--L in CFA were used; for exp. B, spleen cells from mice primed with antigen in CFA; and 
for exp. C, spleen cells from boosted mice were investigated. The anti-H-2 sera (raised  in 
congenic mice, hemagglutination titer [1:1250]) were applied in a 1:4 dilution. 
body-forming  cell  occurs  to  a  lesser  extent.  After  a  secondary  injection  of 
aqueous antigen, the difference between high and low responder mice becomes 
more evident. Antibody titer and ABC increase sharply in high responders and 
decrease in low responders, indicating that  in the latter strain  the precursor 
cells do  not  proliferate and  differentiate  into  antibody-producing cells,  pre- 
sumably due to lack of further stimulation by specific T  cells. 
When the immunoglobulin heavy chain class of the antigen-binding receptor 
was determined by inhibition of ABC, the same results were obtained for high 
and  low  responders.  Cells from  nonimmune  mice  bind  exclusively via IgM 
receptors, which is in agreement with the findings of others (12,  27),  whereas 
after primary (in  CFA)  and  secondary immunization the majority of the re- 
ceptors are of the IgG1 and IgG2a class, and only 10-30%  are IgM receptors. 
This  result  concurs  with  the  predominant  production  of  IgG  antibody  in 
these animals. 
Investigation  of  ABC  after  a  primary  challenge  with  antigen  in  aqueous 
solution  gave  more  clear-cut results.  In primed  animals,  most  ABC  were  of 
the  IgM  type,  but  high  responders  develop many  more  ABC  than  low  re- 
sponders,  even  though  both  strains produce an  equal primary IgM  antibody 
response.  High  responder  mice  are  apparently  able  to  form  more  memory 
cells than do low responders. This is in agreement with the finding that, after a 1194  ANTIGEN-BINDING CELLS IN HIGH/LOW RESPONDER  MICE 
secondary challenge with antigen in aqueous solution, the frequency of ABC 
and  antibody production  increases  in  high  responders  but  decreases in  low 
responders. Although  10  days after the secondary injection of antigen,  C3H 
mice still  produce IgM  antibody, they do not possess detectable numbers of 
cells with IgM  receptors, indicating  that  the IgM  antibody-forming cells do 
not have large amounts of IgM  receptors on  their surface. This agrees with 
the observations of others (28, 29) that plasma cells have only few Ig receptors. 
The finding that low responder mice give rise to a cell population with IgG 
receptors, although  they are not able  to produce significant amounts of IgG 
antibody,  was  unexpected.  Since  there  are  no  IgG  antibody-producing cells 
among ABC in low responder mice, it is clear that the ABC detected must be 
precursor or memory cells,  which bear IgG on their surface. The formation of 
precursor cells of the IgG  type after antigenic  stimulation  concurs with  the 
findings  of  other  investigators  (30-33).  Furthermore,  the  results  obtained 
show that in low responders the differentiation of IgG precursor or memory cells 
into IgG antibody-forming cells is not completed. This might be caused by a 
defect of the ABC  themselves, which all belong  to the B  cell  class,  but it is 
more likely due to a  defect of T  cells.  The most convincing evidence for this 
comes from two observations: first, low responders can be converted into high 
responders when (T,G)-A--L is complexed with a  foreign carrier (7); second, 
tetraparental  mice are  able  to  produce specific anti-(T,G)-A--L antibody of 
the low responder allotype (34). Both experiments imply that the low responder 
antibody-forming cells (B cells)  are functionally intact. Taking these findings 
together we can conclude that in our system T  cells are not involved in  the 
switch from IgM  to IgG receptors, but they are involved in stimulating pre- 
cursor B  cells to proliferate and differentiate into IgG-producing cells.  These 
postulates are completely in  agreement with  the current hypothesis (4)  that 
the Ir-1 gene is exerted at the T cell level during the induction of IgG antibody. 
It appears that the switch over from IgM to IgG precursor cells can be induced 
by  antigen  alone.  Whether  this  is  due  to  the  particular  circumstance  that 
(T, G)-A--L is a  multideterminant antigen remains  to be explored. However, 
these observations could also be explained by a quantitative defect of specific 
T  cells in low responder mice. 
It is not yet clear, however, whether IgM and IgG producers have separate 
precursors  as  opposed  to  a  single  precursor capable  to  switching  from IgM 
to IgG (30, 31,  35-39). Our observation that nonimmunized mice contain ex- 
clusively ABC with IgM receptors cannot be interpreted in favor of the latter 
hypothesis, because there might be separate precursors, all of which have IgM 
receptors, with some of them differentiating into IgM producers and others into 
IgG producers. We cannot rule out the possibility that due to the paucity of 
ABC  in nonimmune mice a  few percent of IgG ABC might have been over- 
looked. 
Our results show that most or all ABC seem to be B  cells.  The surface of 13 G. J. HAMMERLING, T. MASUDA, AND H. O. MCDEVITT  1195 
cells is known  to be covered with  50,000-150,000 immunoglobulin molecules 
(40),  but  the  ABC  we detected bind  only 500-15,000 molecules  of antigen. 
This discrepancy might be explained by the fact that one (T,G)-A--L mole- 
cule is bound  to more than  one receptor, because  (T,G)-A--L is  a  multide- 
terminant antigen  (about 100 determinants). All current theories on the hu- 
moral  antibody  response postulate  a  specific interaction  of antigen  with  T 
cells.  Direct specific binding of antigen with T  cells has been shown only for 
rosette-forming T  cells (14-16, 41), and for specific suicide of thymocytes (42) 
and helper cells (43)  with radioactive antigens of high specific activity. How- 
ever, in the present study we were not able to detect significant antigen bind- 
ing to T  cells in peripheral lymph node cell preparations. Several possibilities 
could explain these results. First, T cells might bind antigen, but in much lower 
frequency than B cells. Unfortunately, no exact quantitative data on the num- 
ber  of helper cells compared with  precursor cells in  immunized  animals  are 
yet available. 
Secondly, T  cells could bind antigen, but much less per cell than do B  cells. 
In the current studies we could not detect less than 500 molecules of antigen 
bound per cell. However, when the sensitivity of the system was increased by 
longer exposure times, ABC with only 200 molecules of antigens per cell were 
detected. In preliminary experiments (G. J.  H~immerling et al., unpublished 
observation) as many as 30-40 ABC/104 could be found in young thymus and 
peripheral T  cell populations. In contrast, when the arbitrary lower threshold 
was  set at 500 molecules of antigen per cell,  only two  to five T-ABC could 
be  demonstrated.  These findings  seem  to  support  the  above mentioned hy- 
pothesis. Furthermore, Roelants (17)  reported evidence that T  cells bind only 
10-50 molecules of antigen. If this low figure is valid, then we have to explain 
why B cells bind at least a hundred times more antigen than T  cells,  and how 
T  cells can be triggered with only 10 molecules of antigen. 
Third,  all  our  experiments are  performed at 4°C.  This  experimental situ- 
ation, however, does not resemble the in vivo situation. It might be that,  at 
4°C, the receptor for antigen on T  cells is buried in the membrane, but at 37°C 
it is more accessible for the antigen.  Preliminary results obtained with ABC 
from thymocytes and purified peripheral T  cells support this concept (G. J. 
Hammerling et al., unpublished observations). When the cells were incubated 
at 37°C with the radiolabeled antigen instead of at 4°C, we found a two to three 
fold increase in the frequency of ABC, which could be inhibited with sodium 
azide. The interaction of antigen with T  cells at 37°C  seemed to be specific, 
because it  could be blocked with  only  1-10-fold excess of cold  (T,G)-A--L 
in the reaction mixture. This problem is still under investigation and will  be 
discussed  in  detail  in  a  forthcoming paper.  These  results  are  in  agreement 
with  the  recent findings  of Wekerle  et  al.  (44),  who  observed that  specific 
adherence of lymphoid cells to fibroblasts did not occur at 40C,  but  did  at 
37°C. 1196  ANTIGEN-BINDING CELLS IN HIGH/LOW RESPONDER MICE 
Fourth, it might be that the T  cell receptor is attached very loosely to the 
cell surface and  is lost during  the  performance of the  experiments. The ob- 
servations of M.  Feldmann and J.  J.  Marchalonis  are in favor of this possi- 
bility (personal communication). They have evidence for a  marked turnover 
of T  cell receptors, which takes place even in the absence of antigen. 
Fifth, T  cell binding could be a very short interaction that somehow triggers 
the T  cell, after which the binding site is lost.  Finally, several of the above 
outlined mechanisms could work simultaneously. 
The problem of antigen-binding T cells is closely connected with the question 
of the presence of immunoglobulins on T  cells,  which is still a matter of con- 
troversy. Whereas several laboratories report evidence for considerable amounts 
of Ig molecules on T  cells (45-47), others cannot confirm these results (48-50). 
As outlined in this and several other papers (51,  52), there is ample evidence 
that the It-1  gene product, whatever its molecular nature,  is involved in the 
recognition of antigen by T  cells. No other problem in immunology is a matter 
of such controversial speculation as  that  of the T  cell receptor. From all  of 
this  evidence,  it  becomes more  and  more  apparent  that  the  interaction  of 
antigen with T  cells is mediated by different mechanisms than the binding of 
antigen to B  cells.  The genetic linkage of the immune response genes to the 
species' major histocompatibility complex suggests a possible participation  of 
histocompatibility antigens in antigen recognition by T  cells.  The observation 
that specific anti-H-2 sera interfere with the binding of antigen to T  cells but 
not to B  cells favors this hypothesis. However, it has to be noted that other 
antibodies  raised  against  T  cell  surface  determinants,  such  as  anti-0  and  a 
rabbit  anti-T  serum,  also  block the binding  of antigen  to T  cells,  implying 
sterical hindrance exerted by these antibodies. For this reason, our results may 
suggest but do not prove a possible role of H  antigens in recognition of antigen 
by T cells. These questions are still under investigation. 
SUMMARY 
The  influence  of  immunization  with  (T,G)-A--L  on  the  frequency  and 
characteristics  of  [~I](T,G)-A--L-binding  cells  (ABC)  was  investigated  in 
high and low responder mice, whose ability to respond to (T, G)-Ai--L is under 
control of an H-2-1inked immune response gene, It-1.  Unimmunized high and 
low responder mice have about the same number of ABC in spleen and lymph 
nodes  (6-12  ABC/104).  However,  after  immunization  with  (T,G)-A--L  in 
aqueous solution, ABC in high responders increase to a much greater extent 
than they do in low responders. By inhibition of ABC with class-specific anti-Ig 
sera,  it  was  demonstrated  that  in  nonimmune  and  primed  mice  antigen  is 
bound to IgM receptors, which is in agreement with the exclusive production 
of  19S  anti-(T,G)-A--L antibody in  primed  animals.  In  contrast,  after sec- 
ondary challenge  with  antigen,  ABC  in  high  and  low responder mice have 
mainly IgG receptors, although under the conditions used for immunization, 
low responders are not able to produce detectable amounts of 7S  anti-(T, G)- G. J. H~MMERLING, T. I~[ASUDA,  AND H. O. McDEVITT  1197 
A--L antibody. From these results and from the evidence that low  responders 
very probably have  a  T  cell defect, it is  suggested  that  the  switchover from 
IgM to IgG precursor cells can be induced by antigen itself, without the action 
of specific T  cells. Furthermore,  the failure of marked proliferation of ABC in 
low responders after antigenic stimulation is explained by the lack of stimula- 
tion  by specific T  cells.  ]By independent  methods  it  has  been  shown  that  all 
ABC detected in this study are B  cells. Preliminary experiments indicate  that 
purified peripheral T  cells bind antigen, but much less per cell than do B  cells. 
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